We summarise the CS15 splinter session dealing with the winds and chromospheres of cool giant and supergiant stars. The motivation behind the session was to bring together various researchers in the field with the purpose of forming some important common goals for future work, as well as to hear some of the latest results. We provide an overview of the results that were presented and highlight some of the main outcomes of the discussions.
BACKGROUND & MOTIVATION
Despite much observational and theoretical work over the past number of decades, the mass-loss process from cool giant and supergiant stars (in particular on the first red giant branch -FRGB) is still poorly understood. For stars on the AGB, the mass-loss can be reasonably well explained by a combination of pulsations to levitate material and radiation pressure acting on dust to further drive the material away from the star. For lessevolved giants, however, no model can currently successfully describe the entire process, although there is no shortage of proposed explanations (e.g., Alfvén, acoustic waves etc.). Often, the mass-loss from these less-evolved stars is overlooked as the effects of these winds are less spectacular than those of AGB winds. However, considering the large number of stars that pass through this evolutionary phase and the relatively large mass-loss rates involved, it becomes clear that that FRGB stars demand more attention.
It appears that research in the field has become increasingly fragmented in recent years with it becoming more difficult for isolated groups to obtain and analyse suitable multiwavelength data for a statistical sample of objects. In order to maximise progress, it was felt by us and others that it would be useful for more dialogue to take place between both theoreticians and observers in the field in order to fully exploit areas of overlap. Overlapping areas could include actual objects, stellar parameter space, wavelength coverage and models. This was the idea behind the organisation of the splinter session on 'Winds and Chromospheres of Cool (Super-) Giants'.
In this summary, we take as a guideline some of the points raised in Graham Harper's (U. Colorado) talk, which introduced the session with a perspective on the current status of the field, as well as some ideas on how best to promote progress in our understanding. We aim to address some of the points brought up in the discussions both during the session and more informally during the week, paying particular attention to the results [2] , γ Cru (M3 III) [3] . Symbiotic primaries: EG And, (M2 III) [4] , SY Mus (M5 III) [5] . ζ Aurigae primaries: 22 Vul (G4 I) [6] , ζ Aur (K4 Ib) [7] . Note also that λ Vel (K5 Ib), α Tau (K5 III) and γ Dra (K5 III) have measured β law wind accelerations of 0.9, 0.6 and 0.6 respectively, see [3] . These results are not plotted for clarity.
presented in the oral presentations.
OBSERVATIONS: SOME IMPORTANT QUESTIONS
There are a number of key questions which need to be answered satisfactorily before we can claim to understand the winds from these stars. They are important, particularly in that their answers can provide key tests for any aspiring models. What is the nature of the wind acceleration in K and M stars? Knowledge of the the shape of the velocity profile is important as it provides information about where the energy is imparted into the outflow. This makes it a very good discriminator for theoretical models and, indeed, it is a better discriminant than the value of the actual mass-loss rate itself. It is therefore important to gain whatever knowledge we possibly can about the character of the acceleration, for as many objects as we can, with the acceleration behaviour close to the star being particularly important.
Whilst most measured velocity profiles for isolated stars show sharp acceleration above the surface, recent results from binary systems show a slow or delayed wind onset (see Figure 1 for a sample of derived profiles for both types of objects). There are only a handful of objects with reliable wind profile measurements, and considering the diversity in the spectral types and the uncertainties in the different techniques, it is clear that more information on acceleration profiles is required.
Where does the chromosphere end and the wind begin?
It is now well established that the UV line emissivity of the wind is a good deal lower than the chromospheric emissivity. From the many ultraviolet studies of evolved giants, it is apparent that the large majority of the emission lines (e.g., C II] λ 2325) are actually formed in the quasi-static chromosphere rather than in the accelerating wind outflow itself. Whether this is a natural result of a delayed wind acceleration common to all such objects or whether this represents a distinct separation of the chromospheric material from a wind outflow is still not certain. What is the geometry and filling factor of the chromosphere and wind? The wind geometry controls wave damping and sets boundary conditions for theoretical models. The geometry and filling factor are difficult to ascertain as it is not generally possible to directly image isolated stars with sufficient resolution, and in the case of eclipsing binaries, measurements are confined to the orbital plane for each system. However, some of the ζ Aurigae eclipsing systems may provide clues in that stable velocity structures (on a time-scale of days) are observed, suggesting spatial confinement of over-dense material [8] . Absorption line behaviour shows that the chromosphere that is sampled in absorption may be co-rotating with the photosphere (Elizabeth Griffin, private communication) and so is still somehow locked in to it (e.g., by magnetic fields?). Information about where the chromosphere/wind decouples from the photosphere would provide clues as to the structure and geometry of the circumstellar material.
What are the terminal velocities of the winds?
It is commonly accepted that the terminal velocities of evolved giant winds are much less than their escape velocities with typical assumed values for v ∞ ∼ 100 km s −1 for warm giants with much decreased velocities expected for cooler objects. However, with different techniques being used to diagnose different objects at varying depths into the outflow (e.g., AGB stars with molecular lines, warmer stars with the Mg II UV resonance doublet), the situation may be more complex than previously thought. Indeed, for some of those M giants which have been observed in the UV with STIS, a higher terminal velocity than expected is found (i.e., a wind velocity of ∼70 km s −1 is found for the M2.4 symbiotic giant EG And [9] ). Note, however, that binaries tend to show higher velocities than their isolated counterparts. The velocity issue is an important constraint for theory and is therefore important to get right.
What are the levels of variability and inhomogeneity in the wind?
There is mounting evidence that these winds differ dramatically from the standard steady spherically-symmetrical mass-loss model, with mass-loss inhomogeneous in both space and time. As an example, Mullan et al. [10] found large variations in the mass-loss rates and terminal velocities of both a K supergiant (changes in τ of wind lines by a factor of 2-6 and v ∞ by > 20 km s −1 ) and an early M giant using IUE and HST data. Note that optically thick UV line profiles are very sensitive to modest changes in velocity and turbulence, making changes in the mass-loss rate difficult to measure. However, quantifying time-variable wind properties will become ever more important now that some models have the capacity to deal with time-dependency.
There is also evidence for 'significant' inhomogeneity in the atmospheres of supergiants, as illustrated in the Alex Brown's (U. Colorado) presentation on a multiwavelength study of the circumstellar material around the M2 supergiant Betelgeuse. This work confirmed that the extended atmosphere is both complex and inhomogeneous, displaying evidence for a multi-component temperature structure. Despite the two to four orders of magnitude higher opacity of the hot (chromospheric) plasma, 'cool' plasma (∼2,000K ±1,000K) dominates the mass, with only small amounts of embedded hotter chromospheric plasma coexisting at the same distances from the photosphere. These results show that the chromosphere is pervasive but has a very small filling factor at ∼ 3R RG , suggestive of either confinement and heating in magnetic structures and/or shocks. This type of work may provide clues as to the geometry of the chromospheric structure. Due to the inhomogeneous nature of the material, it was pointed out that 'how we observe supergiants determines what we see', further highlighting the need for multiwavelength studies, and for the necessity for realistic models to account for these inhomogeneities. Brown also pointed out that the derived results are likely to be representative of similar supergiants in general. For more information see Harper and Brown [11] . What are the wind characteristics of metal-poor stars? In order to test new extremes of parameter space, it is important to understand the wind characteristics of metal-poor stars. Indeed, by performing an analysis of metalpoor globular cluster giants, we can also take advantage of the benefits inherent in the analysis of results from a large sample of objects of similar age, chemical composition and distance.
Andrea Dupree (SAO/CFA) presented results from high-resolution optical and IR spectra of a large sample of red giant stars in the metal-deficient globular clusters M13, M15 and M92, as well as for a sample of metal-poor field giants. The main motivation behind the work was to observe and characterise the strong mass-loss that is predicted to take place in globular cluster giants as they ascend the giant branch, yet which has proved difficult to diagnose. In using spectroscopic diagnostics to probe the mass-loss, it is important to understand what part out the outflow each line is diagnosing. Hα, the Ca II resonance lines and the He I λ 10830 lines were primarily used to identify line asymmetries characterising motions in the extended atmospheres. Some of the main conclusions are that the outflow velocities (as derived from Hα profiles) increase with stellar luminosity, that they are higher for AGB stars, and display no evidence of a dependence on [Fe/H]. The Ca K 3 diagnostic also shows a higher outflow velocity than Hα, and since the calcium feature is formed further out into the outflow, this implies an accelerating expansion. The He I λ 10830 line traces higher layers again and the data show that the feature is ubiquitous in warmer giants on the RGB, AGB, as well as the red horizontal branch (RHB). The feature reveals high wind velocities (∼100 km s −1 ). Detailed results of this work can be found in Meszaros et al. [12, 13] . What future role can eclipsing binaries play? Historically, much use has been made of eclipsing binary systems to obtain spatiallyresolved information on the wind, which is not directly possible for isolated stars. Despite limitations of the technique (e.g., effect of binarity on the wind of the primary, being confined to diagnosing the orbital plane in absorption etc.) new results are still forthcoming from such studies. Some recent examples are wind temperatures derived from symbiotic binaries [9, 4] and a ζ Aurigae system [6] where similar values are found for the wind temperatures of the two M giant primaries and the G supergiant.
Indeed, binary studies may bypass errors introduced by ionisation corrections required to measure the wind acceleration profile in isolated stars. The motion of the secondary star allows the distribution of material in the orbital plane to be directly and accurately measured, allowing the velocity profile to be reconstructed through an inversion. For isolated stars, the velocity profile is generally inferred from ultraviolet and optical P-Cygni profiles, but can be subject to ionisation uncertainties which can skew the results. This could account for the apparent discrepancy between the slow or delayed acceleration generally found for binary giants, and the rapid acceleration determined for isolated stars of similar spectral type. Where possible, the techniques that are applied to isolated stars should also be applied to binary giants to see whether the discrepancy is indeed real, or is a result of differing techniques being applied.
It must also be noted that, despite inversion techniques generally being extremely sensitive to noise, for the case of the EG And at least, the measurement of a delayed 'Vogel' type wind acceleration [9] is robust. Any errors in the column density measurements can change the steepness of the acceleration slightly, yet cannot move the location of the sharp onset of the outflow (see Figure 1) . Also, note that consistency between the photospheric density inferred from the wind model, and the density derived from photospheric modelling, places a further restriction on the possible wind acceleration, both ruling out a high-order β law and supporting the sharp wind onset at ∼2.5R RG .
As mentioned earlier, eclipsing systems can also provide clues to the geometry and structure of the chromospheres where absorption line splitting is seen in data with sufficient spectral resolution. This phenomenon is observed in symbiotics, and the specific character of the splitting even suggests stable extended fine-structure in ζ Aurigae binaries. Overall, new results from eclipsing binaries will play a large role in any progress in the field.
Are the stellar properties well-enough constrained?
For the inner boundary conditions of the winds to be known, it is apparent that we need to accurately tie down the stellar parameters. Also, in order to categorise the wind characteristics for different types of objects, we first need to know their parameters and evolutionary status. This makes a self-consistent set of isotopic and elemental abundances for those prototypical binary and isolated objects even more important, though such numbers are lacking. Note that the new Hipparcos reduction [14] will improve the accuracy of stellar parameter measurements.
Photospheric information is also important since the energy required to drive the outflow must emanate from the photosphere. Therefore input from convection, granulation, and dynamo models are useful. Presently, we do not know enough about the structure and motion of giant photospheres to be able to restrict the possible range of the resulting Alfvén processes. If we did, then we could determine the relative importance of the types of magnetic mechanisms of wind acceleration that could possibly drive the outflow. The situation could be improved through the combination of an extended study of photospheric line asymmetries for a range of giant stars (see Roche et al, these proceedings), and the application of the latest radiative hydrodynamic (RHD) simulations to these specific objects.
Bernd Freytag (CRAL, Lyon) presented recent work in which Andrea Chiavassa (GRAAL, Montpellier) has applied a new 3D radiative transfer code (OPTIM3D) to Freytag's CO5BOLD RHD models [see 15, for AGB models] as a post-processing step. The output provides observables that can be compared to interferometric observations of cool supergiants. The work carried out is the first detailed comparison with interferometric observations of supergiants and a further extension to new data should provide a real insight into the dynamic processes at work at the photospheric level. Details can be found in Chiavassa et al. [16] and forthcoming publications.
For giants the situation is more difficult on both fronts, with photospheric dynamics being more difficult to measure, and the models becoming less stable than they are for supergiants. However, since so little is known, it is worth comparing measurements to the predictions of these latest CO5BOLD models.
What is the evidence for magnetic fields?
There is now evidence for the presence of magnetic activity in K giants and evolved supergiants from O VI emission lines in FUSE data and the signature of SiO masers in radio data. More information on the presence or absence of magnetic fields in M giants is desirable to constrain magnetohydrodynamic (MHD) models.
STATUS OF MAGNETOHYDRODYNAMIC MODELS
Evidence for the existence of a strong link between Alfvén processes at the stellar surface and the mass-loss from the star appears to be strengthening. Correspondingly, there have been large advances recently in the development of magnetohydrodynamic (MHD) models.
Vera Jatenco-Pereira (U. São Paulo) presented results of her Alfvén wave-driven model for a K5 supergiant wind. Assuming a diverging magnetic field flux tube geometry and the presence of an outward-directed flux of damped Alfvén waves, the wind temperature and velocity profiles were obtained by solving the mass, momentum and energy equations. The velocity profile reveals an efficient acceleration at r < 1.5 R , reaching the maximum value ∼ 100 km s −1 . In this region, the wind is mainly accelerated by the wave energy density and the thermal pressure gradients. Afterwards, the absence of the wave acceleration and the cooling gas result in a decrease of the velocity. For further detail see Falceta-Gonçalves et al. [17] .
In a similar vein, Takeru Suzuki presented the results of his 1-D MHD simulations of intermediate-and low-mass stars from the main-sequence to RGB phases. In his models, Alfvén waves, which are excited by the surface convection at the photospheric level, travel outward and dissipate by nonlinear processes to accelerate and heat the stellar winds. In effect, the model is a simple extension of the solar case to lower gravities and larger radii. The models qualitatively re-produce the observed trends, i.e., as log(g) is reduced, the wind velocity and temperature decrease and the mass-loss rate and wind density increase (see Figure 2) . However, the models also produce interesting details which can be compared to observations in more depth.
One result is significant variability in both the wind velocities and temperatures. Indeed, even in the stars redward of the coronal dividing line, hot bubbles (T∼10 5 K) intermittently exist, which might account for observed sources of UV and soft X-ray emissions from hybrid giants. In addition, regions that are mostly static are predicted to exist above the photospheres of the RGB stars, meaning that the stellar winds are effectively accelerated from several stellar radii out. Some of these model predictions are plotted in Figure 2 (both time averaged and a snap-shot).
Many observed phenomena are produced by the model, although it appears that the predicted wind variations with time and the hot bubble volume are greater than those observed in real stars. For example, initial models to predict the radio fluxes expected from the hot bubbles result produce much more radio flux than is observed (Harper & Suzuki, private communication) . However, the model is promising and work is underway to re-calculate the models with different photospheric input parameters in order to better match observations. For more detail on the models see Suzuki [18] .
A PATH TOWARDS PROGRESS
In order to maximise progress, it is apparent that many more of the key questions outlined above need to be answered. For this to occur, we will need increased spatial resolution (any, and every way possible) in order to examine the gradient of wind characteristics at the base of the outflow, and high spectral resolution to probe and resolve the smallest scales possible (e.g., confined magnetic structure?). We also need to better understand the properties of the actual stars themselves, vsin(i), surface gravities, evolutionary status, metallicities etc... In order to obtain these goals, we will require access to significant resources and dedicated multi-wavelength studies at multiple sites -often on oversubscribed telescope facilities. It may be beneficial to create a database open to any willing collaborators, where key projects with specified goals can be identified and relevant information (data, models grids, measured stellar parameters) can be shared. For example, isolated and binary objects that are to be the focus of mass-loss studies can be selected and a common database of stellar/wind parameters created. Such a common database may also facilitate the formation of collaborative groups for proposals for over-subscribed observing time, and a strong collaboration with well-defined goals could increase the success-rate of proposals. This initiative may also provide an opportunity for theorists to base model grids around specific suitable objects, and for observers to select targets which will most effectively test models by sampling their parameter spacings. The initial webpage of the proposed database can be accessed through http://www.tcd.ie/Physics/Astrophysics/coolstars.php. Electronic copies of all presentations at the splinter session can also be retrieved at this url.
